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A right-sided aortic arch is a rare anomaly with an incidence of 0.1% worldwide and is usually associated with a mirror
image of all supra-aortic branches or an aberrant left subclavian artery. The latter is often associated with a Kommerell
diverticulum, although it can rarely be hypoplastic or atretic and lead to congenital subclavian steal. In most patients, the
situation is well-tolerated. In this report, we present a case of subclavian steal syndrome with multiple cerebellar infarcts
in a patient with an atypical right-sided aortic arch and an atretic aberrant left subclavian artery arising from a left-sided
descending thoracic aorta. (J Vasc Surg 2014;60:776-9.)CASE REPORT
A 60-year-old man with a left-sided subclavian steal syndrome
was referred to us for a subclavian reconstruction after an episode
of vertigo, headache, temporary right-sided ataxia, and hemihypes-
thesia 30 days earlier. A magnetic resonance tomography showed
an acute right cerebellar infarction, multiple older bilateral cere-
bellar infarctions (more pronounced on the left), and diffuse
ischemic atrophy of the cerebral stem with complete lack of
ischemic lesions of the cerebral hemispheres (Fig 1, A). The cere-
bral arterial anatomy presented both vertebral arteries forming the
basilar artery with a complete circle of Willis.
A magnetic resonance angiography revealed a circumﬂex ret-
roesophageal right-sided aortic arch (RAA) with an occlusion of
an aberrant left subclavian artery (aLSA) (Fig 1, B and C). A retro-
grade perfusion of the left vertebral artery and a difference in arterial
pressure of 30 mm Hg between the upper extremities were
documented.
A ligamentum arteriosum connected the left pulmonary artery
with the atretic origin of the LSA (Fig 2, A-C). Furthermore,
a disturbed ﬂow in the right vertebral artery after induced reactive
hyperemia of the left arm could be demonstrated, showing the
direct inﬂuence of increased perfusion of the left arm upon thethe Department of Vascular and Endovascular Surgery, Helios Klini-
m Krefeld.
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with a transesophageal echocardiogram, and 72-hour electrocar-
diograph monitoring showed a stable sinus rhythm.
The ﬁndings described above were compatible with a chronic
vertebrobasilar ischemia. Microemboli originating from the
mechanical heart valve or from the right subclavian artery aneu-
rysm correlated to neither the distribution of ischemic lesions
predominantly in the left cerebellar hemisphere nor to the diffuse
cerebellar ischemic atrophy.
Four months earlier, the patient had another episode of pre-
syncope with vertigo and nausea, which were repeated ﬁve times
within 3 hours. An echocardiogram also revealed normal ﬁndings
in this case. His medical history often included episodes of vertigo
and a fractured hip after a fall 4 years earlier. At the age of 34 years,
a difference in arterial pressure between both arms led to the diag-
nosis of a LSA occlusion and a high grade insufﬁciency of a bicus-
pid aortic valve, which was replaced with a mechanical valve. The
subclavian occlusion, well-tolerated at that time, was left untreated.
The patient had been taking oral anticoagulants since that time.
We performed a transverse supraclavicular incision carried
through the clavicular head of the sternocleidomastoid muscle
and dissected the left common carotid artery down to its ostium
from the aortic arch (Fig 3, A). The LSA was found much deeper
and dorsal to the left carotid artery (Fig 3, B). The proximal
segment of the LSA exhibited a wineglass-shaped hypoplasia
ending in a string-like atretic segment at the ostium from the
descending aorta. The string-like segment was ligated, and the
normal segment of the subclavian artery with the ostium of the
left vertebral artery was separated with cranioventral rotation
(Fig 3, C) to allow a dorsolateral anastomosis with the posterior
wall of the left carotid artery (Fig 3, D).
A computed tomography angiography conﬁrmed the tech-
nical success of the procedure (Fig 3, E and F). The patient had
Fig 1. A, Magnetic resonance tomography scan of the brain with multiple infarctions in both cerebellar hemispheres,
more pronounced on the left side. Furthermore, diffuse chronic ischemic alterations with atrophy of the brain stem
could be demonstrated. In stark contrast, both brain hemispheres were completely free of any pathological ﬁndings.
The ﬁndings described above, combined with the functional duplex-ultrasound examination, were compatible with
a chronic vertebrobasilar ischemia. B and C, Magnetic resonance angiography of the thoracic aorta showing
a circumﬂex right-sided aortic arch (anteroposterior [B] and left lateral view [C]). The ﬁrst supra-aortic branch was the
left common carotid artery (LCA) followed by the right common carotid artery (RCA) and the right subclavian artery
(RSA; with a 17-mm aneurysmatic proximal segment). An aberrant left subclavian artery (aLSA), proximally occluded,
originated from the proximal descending aorta (*). The aortic arch had a retroesophageal segment (inset) without
a pronounced diverticulum of Kommerell.
Fig 2. A, Computed tomography angiography showing a ligamentum arteriosum (LA) between the left pulmonary
artery (LPA) and the origin of the aberrant left subclavian artery (aLSA). B, The origin of the aLSA from the
descending aorta showed no pronounced diverticulum of Kommerell. C, Anteroposterior computed tomography
reconstruction of the proximal aLSA with the ostium of the vertebral artery. The proximal segment of the right
subclavian artery (RSA) is also visible.
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Fig 3. Intraoperative images of the subclavian carotid transposition. A, The left common carotid artery (LCA)
dissected down to its origin; B, the aberrant left subclavian artery (aLSA) was found deeper and dorsal to the carotid
artery; C, the aLSA was rotated ventrally to be anastomosed to the carotid artery; D, the completed anastomosis
(Anast). E and F, Postoperative 3-dimensional computed tomography reconstructions showing a functioning anas-
tomosis. RCA, Right carotid artery; RSA, right subclavian artery; *, original origin of the aLSA. G, Right-sided aortic
arch (RAA) with aLSA. A ligamentum arteriosum (LA) connects the LSA with the left pulmonary artery (LPA). H,
RAA with mirror image of the supra-aortic branches. I, RAA with isolated LSA (iLSA). J, Our case, of a circumﬂex
RAA with an aLSA, atretic at its origin (*).
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vertebral artery immediately exhibited an orthograde perfusion.
The postoperative course was uneventful, and the patient was dis-
charged on postoperative day 4.
DISCUSSION
An RAA is encountered in w0.1 % of the adult popu-
lation.1,2 Three types are usually described.1,3-5 The most
common is RAA with aLSA (RAA-aLSA or N-type)1,3-7
(Fig 3, G), which is rarely associated with cardiac
anomalies1,3,4 and can cause vascular ring symptoms
during childhood. The second most common is RAA
with a mirror image of the supra-aortic branches (RAA
M-Type)1,3-6(Fig 3, H), which is invariably associated
with cardiac anomalies (typically Tetralogy of Fallot or
truncus arteriosus).1,3-5 The third RAA type, isolated
left subclavian artery (RAA-iLSA)1,3,5,8(Fig 3, I), is rare,
almost always related to Tetralogy of Fallot,1,3-5,8 and char-
acterized by an atretic LSA that is connected to the left
pulmonary artery via a ﬁbrous string leading to con-
genital subclavian steal (CSS).1 This third type should be
distinguished from RAA-aLSA with proximal atresia orstenosis,4,9 as in our case. In most cases of RAA, the prox-
imal segment of the descending aorta is found on the right
side of the spine and esophagus, while the distal part
crosses to the left before exiting the thorax through the
diaphragm.5 In rare cases, the aortic arch crosses directly
to the left behind the esophagus with the descending aorta
beginning on the left side. A circumﬂex RAA usually has an
aLSA as its last branch, while the patients are usually free of
cardiac anomalies.1,5,10,11 It is usually considered to be
rarer than typical RAA-aLSA without a retroesophageal
segment.1,5,10,11 The aLSA can be stenotic or atretic prox-
imally (Fig 3, J).10-12
CSS, usually left-sided,13,14 is much more commonly
associated with persistent RAA than left aortic arch
anomalies.13,14 Although usually associated with an iso-
lated LSA, this condition can also originate from congenital
stenosis or atresia of an aLSA,12,13,15 the difference being
that the latter, which is not associated with cardiac anom-
alies, can remain undetected until adulthood after the
manifestation of steal symptoms.10 Becker showed that in
13 cases of RAA with CSS, ﬁve were associated with an
iLSA and ﬁve with a stenotic or atretic aLSA.13
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types with isolation and atresia15 of a left innominate artery
or RAA with an aLSA and aortic coarctation.16
There are many collateral pathways of ﬂow to the
subclavian artery, including the external carotid artery-
thyrocervical artery and external carotid artery-occipital
artery-muscular branches of the vertebral artery systems
and a crossover ﬂow between the internal mammary arteries,
but the main anastomotic network is the vertebrobasilar
system leading to CSS.16 Symptoms include vertigo, dizzi-
ness, headache, diplopia, and a wide spectrum of brain
stem symptoms.16 The natural history of CSS is character-
ized by a lack of symptoms during childhood,8,9,16 with
most patients developing neurological steal symptoms or
arm claudication with advancing age after decompensation
of the collateral circulation caused by progressive arterioscle-
rosis.8,13,16,17 A signiﬁcant percentage of symptomatic
patients have concomitant cerebral occlusive arterial
disease.16 The usual treatment consists of a subclavian
carotid transposition, which is technically straightforward
(even with RAA-aLSA) and has low morbidity with excel-
lent long-term results.2,18 The timing for intervention is
not clearly determined. Children who underwent cardiac
surgery without subclavian artery reconstruction remained
symptom-free for the next 16 years. However, they later
became symptomatic in many cases; therefore, concomitant
cardiac and subclavian reconstruction is recommended.2
For patients without cardiac anomalies, intervention should
be seriously considered at the onset of steal symptoms.14
While similar cases have been reported, our case pres-
ents an unusual constellation. Our patient had a rare
circumﬂex RAA with an atretic aLSA, without vascular
ring symptoms during childhood and no arm claudication.
He had an isolated valve anomaly and no pronounced
diverticulum of Kommerell.
Patients with this pattern (contrary to CSS with iLSA)
usually avoid detection until they develop steal symptoms
later in life, or a blood pressure differential is noted.
Although the consequences of chronic vertebrobasilar
ischemia have been previously demonstrated,19 in our case,
the discrepancy between the severely damaged infratentorial
and the intact supratentorial cerebral structures underlines
the clinical signiﬁcance of early detection and treatment of
symptomatic CSS,2 which is usually RAA-related.
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